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SPECIFICATION 

Antistatic resin composition and laminat s containing the sam 

5 This invention relates to resin compositions having antistatic characteristics. More particularly, this inven- 5 
tion relates to resin compositions comprising an electron radiation cured product of an electron radiation 
curable resin precursor and an electron radiation reactive antistatic agent. In other aspects, the present 
invention relates to a method of making an antistatic resin composition and further to substrate sheets 
coated therewith. Plastics such as polyethylene, polypropylene and the like are poor conductors of elec- 

10 tricity and have a tendency to develop and retain electrostatic charges which attract and hold dust parti- 10 
cles. This tendency can have a detrimental effect on the appearance of the plastic, but is especially 
detrimental for plastic films which are used as packaging materials for delicate electronic devices, such 
as floppy discs for computers, or are used for hospital operating room supplies. For these kinds of uses, 
electrostatic charges can have a detrimental effect on the function of the plastic material. It is, of course, 

15 also well known that the build up of electrostatic charges in plastic films leads to handling and other 15 
problems in manufacturing or converting processes, especially where plastic films are transported at 

high speed. . 

One method which can be used to reduce the build up of static electricity in plastics is to add a nonreac- 
tive antistatic additive, such as a quaternary ammonium compound or carbon, when compounding the 

20 plastic matrix. The additive exudes to the surface of the plastic during processing and reduces the build 20 
up of static electricity at the surface of the plastic. This method, however, offers only short term antistatic 
protection. Another method for reducing static build-up involves providing a light vacuum metallized film 
on the plastic resin. This method, however, suffers from the disadvantage of environmental instability 
since the metal used to provide the conductivity characteristics is susceptible to attack by moisture and 

25 or other corrosive conditions. 25 
Thus, it would be highly desirable to provide a resin composition having a reduced tendency to form 
static charges both before and after fabrication and to provide antistatic laminations comprising the resin 
composition. It also would be highly desirable to develop a more permanent method involving copoly- 
merizing or cross-linking an antistatic agent with a resin to provide long lasting antistatic characteristics 

30 throughout the resin. . 30 

In accordance with the present invention, it has been found that resin compositions having desirable 
antistatic properties can be provided by electron radiation curing a composition comprising an electron 
radiation curable resin precursor and an electron radiation reactive antistatic agent. The antistatic compo- 
sition can be used to coat a substrate sheet to provide an antistatic lamination. Further understanding of 

35 the present invention will be had from the following disclosure wherein all parts and percentages are by 35 
weight unless otherwise indicated. 



40 



Summary of the invention 
In accordance with the present invention, an antistatic resin composition comprises the electron radia 

40 tion cured reaction product of: 

(A) an electron radiation curable prepolymer; and (B) an effective amount of an electron radiation reac- 
tive antistatic agent soluble in said prepolymer. In accordance with the method of the present invention, 
an antistatic resin composition is made by (A) mixing an electron radiation curable prepolymer and an 
effective amount of an electron radiation reactive antistatic agent to form a mixture thereof; and <B) con- 

45 tacting said mixture with electron radiation in an amount sufficient to cure said mixture. Further in ac- 45 
cordance with the present invention the antistatic resin may be provided as an antistatic coating on a 
substrate, such as a metallized substrate sheet. Preferably the antistatic agent is a quaternary ammonium 
salt. 

BO 

50 Description of the invention 

The antistatic resin composition of the present invention broadly comprises the reaction product of a 
radiation curable precursor and an effective amount of a radiation reactive antistatic agent. In accordance 
with the method of the present invention, the antistatic resin composition is made by mixing a radiation 
curable resin precursor and a radiation reactive antistatic agent to provide a mixture thereof. The reactive 

55 antistatic agent is employed in an amount which is effective to obtain the desired antistatic properties. 55 
The mixtur is then contacted with electron radiation in sufficient amount to cure the mixture. During 
radiation curing, the antistatic agent reacts with the radiation curable resin precursor to form a polymer- 
ized resin having long lasting antistatic characteristics. 
The antistatic resin compositions of the present invention are especially useful as coating materials and 

60 in one embodiment of the present invention, an antistatic coating of the present invention is provided on 60 
a substrate material such as paper, polyethylene, polypropylene or the like. A preferred embodiment of 
the present invention comprises a substrate material having a continuous thin lay r of conductive metal 
such as aluminum deposited thereon and a continuous thin layer of the antistatic resin composition of 
the present invention overcoating the thin lay r of aluminum. 

65 Radiation curable resin precurs rs suitabl for use herein are commercially available and well known in 65 
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I„rf m Gen6r H a IV s P eak ' n 9. the r a dlatl °n curable precursor comprises a mixture of at least one oligomer 
and mono and/or multi-functional monomers. Generally speaking, the oligomers constitute the backbone 
of a rad.at.on curable coat.ng and largely determine the ultimate performance of the finally cured coat 
ing. Many oligomers are based on acrylate chemistry because of ease of synthesis and cost. For exam- 
5 pie suitable o igomers include the epoxy-acrylate, polyester-urethane-acrylates, polyether-acrylates and 
polyester-acrylates Acrylated-epoxy resins tend to have good adhesion and chemical resistance proper 
ties Acrylated-urethane-polyesters tend to cure to hard, tough, flexible chemically resistant coatings Ac 
rylated-polyethers tend to cure to tough, abrasion resistant coatings, and are generally of lower viscosity 
10 ity P ° lyure,hanes and epoxies - Acrylated-polyesters tend to have low viscosity and good weather-abil- 

Oligomers, however, when used by themselves may shrink excessively on curing and/or have an un- 
workabe application viscosity. Thus, monomers and other additives, such as flow control agents will be 
generally used ,n combination with oligomers to provide a radiation curable prepolymer. Backbone oliao 

ir ITmL 03 " US ! J u c °" J ' unction with a wide variet V of monomers, both mono- and multi-functional. It 

15 will be appreciated by those skilled in the art that proper selection of monomers contributes to the final 
cured coating properties by controlling the cross-link density, hardness, flexibility, cure speed etc and 
hence, the particular monomers selected will depend upon the final coating properties desired Generally 
combinations of mono- and multi-functional monomers will be preferred to achieve the desired results 
fcxamples of useful mono-functional monomers include: 

20 n-vinvl-2-pyrollidone, 2-phenoxyethylacrylate, isobutoxymethyl-acrylamide, isobomylacrylate, 2-ethyoxv- 
ethoxyethylacrylate, and tetrahydrofurfurylacrylate. N-vinyl-2-pyrollidone is especially useful because of 
its abrupt viscosity reduction in small amounts, and high response to electron beam radiation 
trimJth T " f " nCt '° n , al monomer s delude: 1, 6-hexanediol diacrylate. tripropyleneglycoldicarylate 
tnmethylolpropaetri-acrylate, pentaerythritoltriacrylate, and tetraethyleneglycol-diacrylate 

25 Antistatic agents suitable for use herein are antistatic agents which are electron radiation reactive with 
he radiation curable resin precursor and which are soluble in the resin precursor. It has been found that 
useful agents for use herein are quaternary ammonium salts such as trialkylalkyletherammonium salts A 
preferred salt is a tria Ikylalkyetherammonium salt wherein each of the trialkyl groups has from 1 to about 

30 »„h£ T™' 8ll!yl f th8r j r P h3S a " a,kyl 9r ° Up having from about 4 to abo * 18 carbon atoms 
30 and the ether group is selected from the group consisting of ethylene oxide and propylene oxide An 

example of a preferred salt is triethylalkyletherammonium sulfate, commercially available as Emerstat 

6660 from Emery Industries. The antistatic agent is mixed with the radiation curable resin precursor in an 

amount effective to obtain the desired antistatic characteristics for the resin composition upo curing 

3 5 u^■1^ 8 r ^„^p o ru^ l, vary from resin to resin ' antis,atic asent to antistatic agent < and ^ 

,.,iSh? a f dVantage ° f the antistatic re sin compositions of the present invention is that they are especially 
suitable for use as coatings upon substrates. Substrates contemplated for use in combination with the 
compositions of the present invention include webs, sheets or films such as paper, glass, polymer coated 
paper, woven and non-woven sheets of various materials, various polymeric films such as poChylene 
40 Aim. Polypropylene film, polyethyleneterephthalate film, polyvinyl chloride film, lonome esm film and 40 
the like, and include metallized substrates. 40 

Coating of the antistatic compositions of the present invention onto a substrate can be done in any 
conventional manner. Generally speaking, the coating composition will be applied to the substrate sur- 
face .n the form of a prepolymer and antistatic agent mixture and then cured in situ by means of electron 

rT£ G Tl a " V t P6akin9 the C ° ating ne6d be 3pplied and cured ° n ^ oni side of I Sb 
strata Both sides of the substrate generally benefits in obtaining antistatic characteristics eve: , though 

L nnt U t 'k 6 ^ With the antistatic com P° siti °n only on one side so long as the substrate 

is not too thick and a sufficient dosage of radiation !s employed to cure the coating. This phenomenoT 

50 ^ n °" SU ^ trate 1 ° f thicknesses at least as Sreat as 10 mils and can be observed not only 

Z rh&fi SU 38 P ° ly * hylene film " Polypropylene film, polyethyleneterephthalate film, polyvi- 
nyl chloride film, .onomer resin film and the like, but also on paper, glass and other webs such as can be 
made from various woven and non-woven fibrous materials. Furthermore, these substrates can have a 
uum mTJ, ° f COndl ! ct,ve metal such as alu minum deposited thereon as by a conventional vac 

55 suTstSte PrOCBSS ° 0at,n9 ^ aPPNed t0 the metal,ized ° r non-metallized side of the 

The coating can be applied by dip coating, air-knife coating, roll coating, gravure coating, reverse gra- 
Th 9 ' ! Xtrt \ S ' 0n coa * m 9' bead coatin 9- curtain mating, use of wire wound coating rods, and so 
forth. The coating deposited on the substrate is effective even as a thin coating having a thickness on the 

60 can 6 : T ,°' V° °- 5 , mi ' S (0 ° 025 t0 °-° 13 mm) " ° f C ° UrSe ' the visCosit V «* *e coating compos tion ^ 
60 can vary widely depending upon the method of coating which is chosen and the desired end results 
typical viscosity of coatings may range from 50 to about 1000 centipoise 

a n^ P a P n aratU ! M d m ! th ° dS forcurir, 9 of the radiation curable antistatic resin composition are well known 
h?,„ » 8l i radiat,onct T9 process and apparatus can be used in carrying out this invention. Suita- 

65 uLlTr^TZl? COmme A ICa " y availabl f from Ener °y Sciences ' lnc - of Wobum, Massachusetts under the 
65 tradename Electrocurtain®. Examples of suitable apparatus are disclosed in U.S. Patents No 3 702 412 
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November 7, 1972 to Quintal; No. 3769,600, October 30, 1973 to Denholm et al; and No. 3,780,308, De- 
cember 18, 1973 to Nablo. High energy ionizing radiation such as electron beam radiation should be used 
in sufficient intensity to penetrate substantially all the way through the coating composition to cure the 
same Typically dosages in the range of from about 1 to about 6 megarads are employed. Upon contact- 
ing the antistatic resin composition with radiation and sufficient intensity to cure the same, the composi- 
tion used in the present invention is substantially completely converted to a solid product. 

In a preferred embodiment of the present invention, a continuous thin layer of conductive metal is 
sandwiched between a substrate and the antistatic coating of the present invention. Thus, a metal layer 
can be first applied onto a surface of a substrate and then a continuous coating of the antistatic composi- 
tion is applied to overcoat the metal layer to provide a laminate having especially good antistatic proper- 
ties Generally speaking, the antistatic coating will be applied to the metal in the form of an uncured 
mixture of prepolymer and antistatic agent and then cured in situ on the metallic layer. Suitable metals 
include alliuminum, copper, gold, silver, and the like. The metal layer is preferably deposited in a con- 
ventional vacuum metallizing step. A resin coated paper with metallized layer thereon especially suitable 
to be overcoated with an antistatic resin composition of this invention is taught in U.S. Patent 4,177,310 
December 4 1979 to Steeves, the disclosure of which is specifically incorporated by reference herein. 

The antistatic resin compositions of the present invention are useful in several types of products. For 
example the coating may be used as an overcoating for photographic film or as a packaging film for 
electronic devices, floppy discs for computers, hospital operating room supplies, and the like. 

The present invention is further illustrated by the following examples: 



10 



15 



20 



25 



30 



35 



Example 1 

The following ingredients were mixed with stirring: 
Ingredient 



radiation curable urethane 
acrylate oligomer based 
coating (S-9384 from Raffi 
and Swanson) 

triethylalkyletherammonium 
sulfate (Emerstat 6660 
from Emery Industries) 



Parts by Weight 



95 parts 



5 parts 



40 



After the triethylalkyletherammonium sulfate was completely dissolved, an about 0.3 mil (0.0076mm) 
thick coating of the mixture was applied on the aluminum vacuum metallized side of a sheet of 5 mil 
(0.13mm) thick polyethylene terephthalate film by a no. 4 wire wound rod. The coating was cured by a 2 
megarad dose of electron beam radiation. 



Example II 

The following ingredients were mixed with stirring: 
Ingredient 



45 



50 



radiation curable urethane 
acrylate oligomer based 
coating (S-9384 from Raffi 
and Swanson) 

triethylalkyletherammonium 
sulfate (Emerstat 6660 
from Emery Industries) 



Parts by Weight 



90 parts 



10 parts 



55 After the triethylalkyletherammonium sulfate was completely dissolved, an about 0.3 mil (0.0076mrn) 
thick coating was applied on the aluminum vacuum metallized side of a she t of 5 mil (0.13mm) thick 
polyethylene terephthalate and cured as in Example I. 
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Example ill 

The following ingredients were mixed with stirring: 
Ingredient 

5 Parts by Weight 

radiation curable urethane 
acrylate oligomer based 
coating (S-9384 from Raffi 

and Swanson) 0 _ 
1Ct 85 parts 

triethylalkyletherammonium 
sulfate (Emerstat 6660 

from Emery Industries) 15 parts 

polyethylene terephthalate and cured as in Example !. (0.13mm) thick 

Example IV 

Product of -r- 

25 7 //r7e to Half Discharge 

Example 1 Q 
Example II ' 
Example III Q * 3 

30 

Example V 

4o electron beam radiation on the fol.owing substrates JT^SS^^^ CUred ^ 

1 1/4 mil (0.03mm) low density 
45 polyethylene 60 lb. C2S Paper 

1/2 mil (0,013mm) metallized 

polyethylene terephthalate 

1/2 mil (0.013mm) metallized 

polyethylene terephthalate 
50 1 1/4 mil (0.03mm) metallized 

low density polyethylene 



Coat Wt 




{lbs.13000 ft*) 


(gimV 


1.6 


(2.6) 


5 


(8.1) 


1.3 (Coating on 


(2.1) 


film side) 


1.3 (Coating on 


(2.1) 


metal side) 


1.6 (Coating on 


(2.6) 


metal side) 





55 



o„v„°rr ^^or^r^rsr ,pp r °f mett " i " d ■»*-■ «»*»■ 
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Example VI 

An antistatic electron beam curable coating was prepared by mixing with stirring the following ingredi- 
ents: 

ingredient ^rfs by Weight 5 

tripropylene-glycol diacrylate 58.6 
epoxy acrylate oligomer 

(Celrad 3600) 124 

urethane acrylate oligomer 10 
(CMD-6700, Celanese Specialty 

Resins) 122 
gamma-Methacryloxypropyl- 

trimethoxysilane 13 

silicone surface active agent 15 
(DC-1 93, Dow Corning) °-5 
triethylalkylether ammonium 
sulfate (Emerstat 6660, Emery 

Industries) 15 -° 

20 

The above coating was applied by an offset gravure coating station to a substrate of 1 1/4 mil 
(0.03mm) low density polyethylene film at a coating weight of 1.6 lbs./3000 ft 2 (2.6 g/m ? ), and cured at a 
speed of 200ft/min. (61rn/min.) by electron beam radiation at a dose rate of 3 megarads. 
The surface resistivity of the coated side of the above coated polyethylene film was measured at 8.75 
25 x 10 8 ohm/sq. at 100 volts and 6.7 x 10 8 ohms/sq. at 300 volts. The surface resistivity of the uncoated 25 
side of the film measured 1.2 x 10* ohms/sq. at 100 volts and 1.0 x 10* ohms/sq. at 300 volts. 

Example VII ^ 
The antistatic electron beam curable coating of Example VI was applied by an offset gravure coating 
30 station to the metallized side of 0.5 mil (0.013mm) polyester film (polyethylene terephthalate which had 30 
been vacuum metallized with aluminum) at a coating weight of 1.3 lbs/3000 ft.* (2.1 g/m 2 ), and cured at a 
speed of 100 ft/min. (30.5m/min) with electron beam radiation at a dose rate of 3 megarads. 

The surface resistivity of the coated side was measured at 2.2 x 10 5 ohms/sq. at 100 volts and over- 
loaded (too conductive) at 300 volts. The surface resistivity of the uncoated side measured 1.8 x 10 12 
35 ohms/sq. at 100 volts and 1.6 x 10" ohms/sq. at 300 volts. 35 

Example VIII 

Example VI was repeated except that the substrate was 60lb. (per 3300 sq. ft; or 88.8g/m* clay coated 
both sides paper. The surface resistivity of the coated side was 1.1 x 10 10 ohms/sq. at 100 volts and 1.2 x 
40 10" at 300 volts. The surface resistivity of the uncoated side measured 3.8 x 10 10 ohms/sq. at 100 volts 40 
and 3.5 x 10 10 ohms/sq. at 300 volts. 

Example IX 

Example VI was repeated except that the polyethylene substrate was first metallized by vacuum depo- 
45 sition of aluminum and the coating was applied over the metal. The surface resistivity of the coated side 45 
was measured at 1.5 x 10* ohms/sq. at 100 volts and overloaded (too conductive) at 300 volts. The sur- 
face resistivity of the uncoated side measured 1.9 x 10" ohms/sq. at 100 volts and 6.2 x 10" ohms/sq. at 
300 volts. 



50 Example X 

Example VI was repeated except that the substrate was 3 mil (0.076 mm) lay flat low density polyethyl- 
ene tubing. The outside of the tubing was coated at a weight of approximately 1 lb./3000 ft 2 (1.6g/m 2 ). 
The inside of the tubing was found to have an antistatic surface. 



55 CLAIMS 
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1. An antistatic resin composition comprising the electron radiation cured reaction product of: 

(A) an electron beam curable prepolymer; and 

(B) an effective amount of an antistatic agent soluble in said polymer. 

60 2. The antistatic resin composition of claim 1 wherein said antistatic agent is a quaternary ammonium 60 

compound. . 

3. The antistatic resin composition of claim 2 wherein said quaternary ammonium compound is a tri- 
al kyl a Iky let he ram m on ium salt. 

4. The antistatic r sin composition of claim 3 wherein each of said alkyl groups has from 1 to about 3 

65 carbon atoms, said alkyleth r group has an alkyl group having from about 4 to about 18 carbon atoms, 65 



BNSOOCID-. <GB 2156362A l_> 



D 



GB 2 156 362 A 



and said ether group is ethylene oxide or propylene oxide 

thy^h^S s C Se° Siti0n ° f 4 WhSrein S3id qU3ternarV "-P-nd is trie- 

5 J-J^^X^T 0 ™ 0 " ° f ° f C ' aimS 1 10 5 Wher6in Sa ' d Prep0l ^ er -P^-s ! 

.n 7 ^ n S^„rXrer WOn ° f ° f C ' aimS 1 t0 5 the Said c«npn-« ' 6 

amples 1 tT^V or Vl" C ° mP ° Siti ° n 38 daimed in clai ™ 1 -utaantfaily as described in any one of Ex- 

10 9. An antistatic laminate comprising: 

(A) a substrate; and 10 

dim." a to C ° 8 ntinU ° US C ° atin9 ° n S3id SUbStra,e ' an ant, ' StatiC r6Sin c ^P°3ition as daimed in any one of 
„ ]°- I be antistati c laminate of claim 9 wherein said substrate is a film comprising polyethylene 

2 Jul amm£ ? °l C ! a - im 9 Wh6rein Said Substrate is a fi,m comK SoCylene 

phthalate " C lammate ° f C ' a,m 9 Wher6in S3id SUbstrate is a film co -Pn-g Wvel^ne lre- 

13. The antistatic laminate of claim 9 wherein said substrate comprises paper 

20 5 ThI ITIT am ! Pate °l 'J 3 !" 1 9 WhSrein S3id SUbstrate is a metalli «d substrate. 

6 In Z T t • . ° C,a ' m 9 Wh6rein Said SUbstrate is a metalli2ed coated paper 

III, andC to X ' C 6 33 C ' aimed " C ' aim 9 Substa " tia "V ■» described in any one of^xamp.es , to 

comprising TufstsoT^ ™ ^ C ° mP ° Siti ° n 88 C, * med in ™* one of " a <™ 1 to 8 

(A) mixing the electron radiation curable prepofymer and an effective ammmt nf an O io ♦ ^ • 
reactive antistatic agent soluble in said prep'olyme" to form r.SS^.'SJran^ e ' eC,r ° n rad,at '° n 
B) contacting said solution with electron radiation sufficient to cure said solution 

the stejs o^ 9 " antiStat,C l3minate 95 C ' aimed in any ° ne of clai ™ 9 *> ™ comprising 

(A) mixing the electron radiation curable prepolymer and an effective amn.mt «t ^ «i * ^ ■ 
reactive antistatic agent soluble in said prepolyme" to form Ts^Z^ZT ^ 3 ° 

B applying said solution as a continuous coating onto the substrate- and ' 
(CJ contacting said solution with electron radiation suficient to cure said solution. 
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